A patient undergoing excision of phaeochromocytoma developed refractory hypotension which was complicated by significant intraoperative blood loss. Cardiovascular support with fluids, blood and noradrenaline failed to reverse the hypotension. Introduction of vasopressin successfully reversed the hypotension. The experience with this case suggests that vasopressin may be a useful adjunct in the treatment of catecholamine-resistant hypotension after phaeochromocytoma excision.
Surgical resection of phaeochromocytoma is well known to be associated with haemodynamic changes. Hypotension often follows ligation of venous drainage of the tumour, which may be refractory to fluids and vasopressors 1 . The effective use of vasopressin in reversing intractable hypotension in patients with vasodilatory shock has been described but is limited to those with septic shock or postcardiopulmonary bypass [2] [3] [4] [5] . Its use in reversing refractory hypotension in patients after excision of phaeochromocytoma has not been described.
CASE HISTORY
A 64 kg, 65-year-old Chinese man presented for investigation of urinary tract infection. He was incidentally found to have a calcified left adrenal mass on CT scan measuring 6.3 x 6.3 cm.
He had a past history of hypertension for 10 years on atenolol and amlodipine, recently diagnosed diabetes mellitus and currently on tolbutamide, subclinical primary hypothyroidism and on thyroxine replacement for the previous 6 months, right hemiparesis from cerebrovascular accident five years previously with full recovery, and ischaemic heart disease with myocardial infarction 10 years previously. His last treadmill and stress echocardiography studies done two years ago were normal. He was an exsmoker who had ceased smoking since his stroke five years earlier. He was also found to have symptomatic cholelithiasis.
Further evaluation confirmed the diagnosis of a noradrenaline-secreting phaeochromocytoma (Table 1) .
Preoperatively, he was started on phenoxybenzamine 10 mg daily for three days and this was increased to 10 mg 12 hourly after which he developed postural hypotension (90/70 mmHg). This was continued orally for a further two weeks on an outpatient basis. Tachycardia was controlled with the addition of propanolol 20 mg tds, which replaced the atenolol that the patient was previously on. He was re-admitted three days prior to surgery. Intravenous phenoxybenzamine, 32 mg in 250 ml 5% dextrose over two hours, for three successive days according to the protocol adopted by our hospital's endocrinologist 6 was added. Over the three days, the haemoglobin fell from 168 to 145 g/l. He was premedicated with oral midazolam 7.5 mg two hours before surgery. Radial artery cannulation was performed under local anaesthesia. An epidural catheter was inserted under sterile conditions at the T11-12 interspace prior to induction of anaesthesia. General anaesthesia was induced with intravenous fentanyl 1.5 µg/kg and propofol 2 mg/kg. Tracheal intubation was facilated with rocuronium 0.6 mg/kg. Anaesthesia was maintained with nitrous oxide 70% in oxygen and 0.6-0.8 MAC desflurane. Analgesia for the entire surgery was supplemented by epidural administration of 0.5% bupivacaine 5 ml given before induction and morphine 3 mg 30 minutes after induction. Muscle relaxation was maintained with rocuronium 0.15 mg/kg boluses. The patient was mechanically ventilated at a tidal volume of 8 ml/kg, and the ventilatory rate was adjusted to maintain end-tidal CO 2 between 33 and 37 mmHg. After induction, a central venous line was inserted via the right internal jugular route. A pulmonary artery (PA) catheter was deemed unnecessary in view of the patient's adequate cardiac function.
Pre-induction blood pressure (BP) was 130/ 80 mmHg with a heart rate of 50 per min. Central venous pressure (CVP) was 8 mmHg immediately after cannulation ( Figure 1 ).
Surgery was performed via a midline incision in the supine position. Cholecystectomy was performed prior to excision of the adrenal tumour. The patient's haemodynamics remained stable until two hours into the operation where he developed sudden hypotension secondary to acute blood loss of about 1000 ml due to accidental splenic capsular tear during surgical dissection ( Figure 1 ). Blood transfusion and fluid resuscitation was immediately started via two 16 gauge intravenous cannulae. Meanwhile, splenectomy was performed by the surgeon, which controlled the haemorrhage. However, despite aggressive volume replacement, which maintained CVP between 5 and 9 mmHg, he remained hypotensive (BP 60/40-70/45 mmHg). This was complicated by continued blood loss from the adrenal gland during dissection of the tumour. Noradrenaline infusion was started and rapidly increased to 2.2 µg/kg/min but the hypotension remained refractory for the next 30 minutes. It was during this time that the surgeon also completed the excision of the adrenal tumour measuring 8 cm by 8 cm. Histology confirmed a phaeochromocytoma. In view of the unresponsiveness to the large dose of noradrenaline, an infusion of vasopressin at 0.02 IU/min was added and the blood pressure improved over the next 20 minutes. Total blood loss was estimated to be 4.5 l and total fluid replacement consisted of 2.8 l of blood, 4 l of crystalloid and 2.5 l of colloids. Urine output for the duration of the operation was 1500 ml.
Postoperatively, the patient was transferred to the surgical intensive care unit for ventilatory support and further management. As the BP was maintained between 110/55-130/70 mmHg and CVP 6-10 mmHg, no additional fluid boluses were given other than a maintenance infusion at 100 ml/h. Urine output for the first 10 hours after admission to ICU was 140 to 410 ml/h and was subsequently 40 to 70 ml/h until his discharge from ICU. There was a negative fluid balance of 1.1 l for the first 12 hours of admission to the ICU, primarily due to spontaneous diuresis. No further blood was administered in the ICU as haemoglobin was maintained between 106-113 g/l during his two-day stay in the ICU.
The noradrenaline infusion was weaned to 0.2 µg/kg/min within an hour of arrival in the intensive care unit. The vasopressin and noradrenaline were discontinued 18 and 26 hours respectively after admission to the intensive care unit. Serial electrocardiograms, creatinine kinase-MB fractions and troponins did not suggest any evidence of myocardial infarction.
He was extubated on postoperative day 1 and was discharged from ICU on day 2. He was discharged well from the hospital on postoperative day 7. He remained well at follow-up at the outpatient clinic five months after discharge, with normal 24-hour urinary catecholamine levels (Table 1) .
DISCUSSION
Vasopressin, also known as arginine vasopressin (AVP) or antidiuretic hormone (ADH), is a naturally occurring nonapeptide hormone released from the posterior pituitary.
The primary function of vasopressin in the body is to regulate extracellular fluid volume by affecting renal handling of water. The antidiuretic effect is mediated via V2 receptors in the collecting ducts of the kidneys.
This hormone also constricts arterial blood vessels via V1a receptors, with vessels of the skin, skeletal muscle, fat, spleen, and thyroid the most sensitive to vasoconstriction, even though vessels of the gastrointestinal tract, coronary vessels, and brain are also affected 7 . This potent vasoconstrictor action has been used as a temporizing measure to control bleed-ing gastro-oesophageal varices in doses of 0.2 to 0.4 IU/min 8 . A single bolus of 20 IU of vasopressin has also been recently included into the 2000 Advanced Cardiac Life Support (ACLS) guidelines as a Class IIb alternative agent to adrenaline in patients with ventricular fibrillation and pulseless ventricular tachycardia 9 .
Morales et al 10 reported two cases and also demonstrated in animal models that intractable hypotension in the late phase of haemorrhagic shock may be contributed to by vasopressin deficiency. They showed that vasopressin at a dose of 0.001-0.004 IU/kg/min is a uniquely effective pressor in haemorrhagic shock unresponsive to volume replacement and catecholamine vasopressors. In their study, vasopressin was found to be more effective than noradrenaline and angiotensin II in increasing mean arterial pressure, primarily because of peripheral vasoconstriction.
In addition, vasopressin may work synergistically with noradrenaline to enhance the release of calcium in the myoplasm 11 , allowing for significant reduction in noradrenaline infusion 5, 11 .
In patients undergoing surgery for excision of phaeochromocytoma, hypotension may develop immediately upon ligation of venous drainage of the tumour 1 . This can usually be treated with vigorous fluid loading and, if necessary, catecholamine infusion. However, the hypotension may infrequently be unresponsive to fluids and catecholamine, especially in patients who are alpha-blocked with phenoxybenzamine 1 .
In our case, one or more of the following could have contributed the patient's persistent severe hypotension. First, residual alpha blockade may have rendered noradrenaline ineffective 1 . Second, chronic exposure to elevated levels of noradrenaline could have desensitized the alpha-adrenergic receptors to infused noradrenaline 12 . Third, the excessive intraoperative blood loss may also be a contributing factor to the shock, even though it was inferred from the patient's intraoperative CVP, postoperative haemo- globin levels and postoperative diuresis that intraoperative fluid resuscitation was probably adequate. Last, the residual effects of epidural bupivacaine may have contributed to the hypotension. However, the stable haemodynamics of our patient during the first two hours of surgery made this an unlikely cause of the hypotension, as only a single epidural bolus of the local anaesthetic was administered before induction.
After aggressive volume resuscitation and noradrenaline infusion, administration of vasopressin resulted in dramatic improvement of the patient's haemodynamics. This is likely to be due to its vasoconstrictive properties 7 and synergism with noradrenaline to enhance calcium release in myoplasm 11 .
We therefore conclude that when adequate volume replacement and catecholamine administration fail to reverse hypotension after surgical excision of phaeochromocytoma, exogenous vasopressin at an infusion rate of 0.01 to 0.04 IU/min may be useful in correcting the hypotension.
